Abstract: We investigated the electrical properties and gate bias stress stability of solution-processed amorphous oxide thin film transistors (TFTs) with multi-stacked active layers. With the multi-layered InZnO (In:Zn = 1:1), mobility was increased from 4.6 to 21.2 cm , SS of 0.65 V/decade, and good stability, with ΔV th under PBS and NBS of +1.2 and -1.2 V, respectively. Both the electrical properties and gate bias stress (GBS) stability were better with the InZnO/InGaZnO TFT than the single-layered InZnO TFT.
INTRODUCTION
Amorphous oxide semiconductor (AOS) thin film transistors (TFTs) have higher mobility (50~100 cm ). It is therefore suitable for large area displays compared to low-temperature polycrystalline silicon (LTPS) TFTs, which are limited by low uniformity and high cost. Since AOS TFTs can be used for transparent and flexible displays, they are considered promising candidates for replacing conventional Si-based TFTs [1, 2] .
Solution-processing is a simple and low-cost method of film deposition and is advantageous for controlling the chemical composition of AOS films. Various film compositions can be made using the solution-process method [3] . For these reasons, many solution-processes such as spin coating, ink-jet printing, and spray-coating are used for AOS TFTs and have attracted much interest.
While high mobility is required to make high resolution and large area displays, the shift in threshold voltage (Vth) under gate bias stress (GBS) is fatal to currentdriven devices such as an active matrix organic lightemitting diode (AM-OLED) [4] . Both good electrical properties and GBS stability are needed for TFTs. To overcome these problems, multi-layered oxide TFTs have attracted increasing attention. Kim and more than 20 coatings [6] . In addition, it required the synthesis of In and Zn precursors instead of using commercially available In and Zn compounds [6] .
In these previous studies, it was reported that the enhanced mobility in solution-processed multi-layer
TFTs is related to AOS film density [5, 6] . Voids can be created in the process of annealing the film. These According to the previous studies, charge trapping or the creation of additional defect states at the interface between the dielectric and active layers affects GBS stability [10] [11] [12] [13] . In addition, the absorption/desorption of O 2 or H 2 O at the film surface is also known to be one of the origins of the Vth shift [14] [15] [16] [17] . The aforementioned mechanisms differ, but commonly occur at the interfaces. We can thus assume that the oxide composition of the layer that adjoins interfaces such as the back-channel or dielectric/semiconductor is important for the GBS stability of multi-layered AOS TFTs. In addition, our previous report showed that the mobilities of Zr doped InZnO TFTs were decreased and the turnon voltages (Von) were moved positively as the carrier concentration of the AOS films was decreased by doping with a carrier suppressor [18] . Also, TFTs with a high carrier density showed instability under NBS, but good stability under PBS [18] . In the case of bilayered TFTs, we considered that the bottom layer with a high carrier density mainly affects the stability of the electrical properties of the TFTs and PBS because the field-effect channel region is mainly formed in the bottom layer adjacent to the dielectric layer. We also assumed that the top layer with low concentration of oxygen vacancies was advantageous to the instability of Vth, which is related to the absorption of water under the NBS condition.
In this paper, we studied the electrical performance and acetyl acetone as a stabilizer and fuel [3] .
EXPERIMENTAL DETAILS
These solutions were stirred for 1 hour at 60°C.
InZnO solution and InGaZnO solution were prepared by blending the indium, zinc, and gallium solutions. 
RESULTS AND DISCUSSION
We first analyzed the current-voltage characteristics of the multi-layered InZnO TFTs. Fig. 1(a) shows the structure of the multi-layered InZnO (In:Zn = 1:1) TFTs decade. Notably, this shows that the saturation mobility of the tri-layered TFT was more than four times that of the single-layered TFT. It is known that this improvement in mobility can be attributed to fill the pin-holes close to the dielectric layer and the dense AOS film, due to the over coating process [5, 6] . In our results, only three times coating of the combustion sol-gel InZnO solution provided the high mobility, which was comparable to that in the previous report using a very low concentration of the precursor solution [6] . In previous reports, the Vth shift was shown to Won Seok Choi, Byung Jun Jung, and Myoung Seok Kwon 308 occur due to three different mechanisms. In the first mechanism, electrons are injected into the dielectric and then become trapped [10] . The second mechanism involves the creation of additional defect states at the dielectric/semiconductor interface [11] . The third mechanism is the absorption/desorption of ambient gas [22, 23] . In contrast, the donor states result in hole trapping at the interface due to negative gate bias stress. V O is expecially known to be a deep donor [12] and can be ionized into or related to hole trapping [13] . Street et al. reported that solution-processed TFTs with high mobility were stable under PBS [24] . The results in Table 2 indicate that the InZnO TFT exhibited high mobility and good stability under PBS compared to the InGaZnO TFT, which is consistent with the previous results [24] . In addition, the TFTs with low mobility have more acceptor states in the deep levels [25] . Therefore, it can be expected that
InGaZnO films have deeper acceptors than the InZnO films. In our previous result, the stability of the InZnO TFTs was improved by adding a carrier suppressor [18] . Likewise, the PBS stability of the 
CONCLUSION
Multi-layered TFTs were fabricated via the solutionprocess method. As the number of InZnO layers increased, the mobility increased drastically and the threshold voltage shifted negatively. In the case of GBS stability, PBS stability was improved but NBS stability deteriorated.
The bi-layered TFTs were fabricated using InZnO and InGaZnO, and the GBS stability was investigated using 
